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TABLE 1.-Monthly distribution of stranded P. V. concolor contain­
ing prey items examined 1977-83.

of marine production (Brodie and Pasche 1982) and
have been implicated as competitors for commer­
cially valuable fish stocks, impacting fisheries
through direct predation, gear damage, and en­
tanglement (Boulva and McLaren 1979; Everitt and
Beach 1982; Brown and Mate 1983). Despite the
significant increase in' harbor seal abundance, only
anecdotal information exists on the diet of harbor
seals along the eastern United States. 'Ib assess the
impact of this common predator on fish and squid,
information is required on the food species exploited.

In the past, seals were killed to facilitate quanti­
tative analysis of their stomach contents (Imler and
Sarber 1947; Spalding 1964; Boulva and McLaren
1979; Pitcher 1980a), although this procedure is im­
practical in New England. 'l\vo alternatives to this
method are the analysis of the stomachs of strand­
ed animals, and the examination of seal feces col­
lected on accessible haul-out sites (Pitcher 1980b;
'freacy and Crawford 1981; Brown and Mate 1983).

The first alternative for determining the food
habits of the southern New England seal population
was provided by the more than 500 harbor seals that
have been found stranded south of Maine since 1977.
The stranded seals were collected by the New
England Aquarium (NEA), Boston, MA. The major­
ity (59%) of the seals were collected between January
and March (Thble 1) along the perimeter of Cape Cod
Bay, MA, primarily on the eastern side. This corre­
sponds to the time when the peak number of seals
occur south of Maine (Schneider and Payne 1983).
Most of the stranded seals (65%) came from one
year, 1980 (Table 1), when over 445 seals died of
acute pneumonia associated with influenza virus
(Geraci et al. 1982).

Upon necropsy at the NEA, most of the stomachs
and intestinal tracts of the stranded seals were found
to be empty. Only 63 stomachs contained food mat­
ter, and the contents from those were frozen for later
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STRANDED ANIMALS AS INDICATORS OF
PREY UTILIZATION BY HARBOR SEALS,

PHOCA VITUUNA CONCOWR, IN
SOUTHERN NEW ENGLAND

Since Federal protection began in 1972, the New
England population of harbor seals, Phoca vitulina
cone.olor, has more than doubled (Gilbert and Stein
19811; Payne and Schneider 1984), increasing at a
site in southeastern Massachusetts at an average
rate of 11.9% per year (Payne and Schneider 1984).
One of the primary management concerns regarding
the New England seal population is the increasing
potential for conflict between commercial fisheries
and harbor seals (Prescott et al. 19802).

Seals have been shown to be significant consumers

'Gilbert, J. R., and J. L. Stein. 1981. Harbor seal populations
and marine mammal fisheries interactions. National Marine Fish­
eries Service, NOAA, Northeast Fisheries Center, Contract No.
NA-80-FA-C-00029, Woods Hole, MA 02345, 55 p.
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National Thchnical Information Service, Springfield. VA 22151 as
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Jan.
Feb.
Mar.
Apr.
May
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Totals

2

3
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2
3
1
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41

2

3

17
10
10

1
2 6
2 4
1 1
1 4
2 5

1
1

1 3

9 5 63
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examination. In the fall of 1983. we pilot-tested the
analysis of stomach contents from stranded seals
using those 63 stomach samples as an indicator of
prey utilization. The objectives of this study were 1)
to identify prey items selected by seals in southern
New England and 2) to detez:mine whether stomach
contents from stranded animals can provide accurate
information on the utilization of most kinds of prey.

Methods

The stomachs were thawed and the contents wash­
ed with water through a series of nested sieves (1.80,
1.00. and 0.50 mm2). Identifiable materials were
rough-sorted into fish and fish components. inverte­
brates and invertebrate components. Intact speci­
mens and cephalopod beaks were preserved in a 70%
ethanol-30% glycerin solution. Persistent prey hard
parts (primarily otoliths) were removed and stored
dry in glass vials.

Otoliths from the stomach samples were identified
against a reference collection at the National Marine
Fisheries Service, Northeast Fisheries Center
(NMFSINEFC), Woods Hole, MA. Cephalopod beaks
were identified against a reference key (Clarke 1962).

Th estimate the size of fish taken by harbor seals,
otoliths removed from the stomach samples were
measured under a dissecting microscope using ver­
nier calipers. Regression equations relating otolith
length to fish length (Frost and Lowry 1980; Brown
and Mate 1983) were calculated using measurements
obtained from the reference collection of fishes col­
lected in the Gulf of Maine, located at the NMFSI
NEFC. Fork lengths were estimated for four prey
species.

Results

Fifty-three stomachs (84%) held identifiable food
items (Table 2). Cephalopod beaks were recovered
from 35 stomachs, representing at least 168 in­
dividuals and 2 species. Thirty-three stomachs con­
tained beaks from the short-finned squid, Illex il­
lecebrossus, with a range of 1-22 beaks per stomach.
Beaks of the long-finned squid, £Oligo pealei. were
found in two stomachs. ranging from 4 to 5 beaks
per stomach, and accounted for only 5% of the squid
recovered. The two species were not found together
in any of the stomachs. '!\venty-nine stomachs con­
tained squid remains and no other type of prey. Six
stomachs contained both squid and fish remains.

Seventeen stomachs contained some fish remains,
including intact specimens, copious semidigested
flesh. and 121 free otoliths. In total, seven species
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and five families were represented. Fourteen
stomachs held otoliths from only one species of fish,
while seven stomachs contained otoliths from more
than one fish species.

Four species of Gadidae comprised the majority
of all fish species found in the stomachs of the
stranded seals. A total of 86 otoliths in six stomachs
were recovered. Haddock, Melanoffram1y/;us aegle­
finus, was the most frequently found gadid (45
otoliths in four stomachs) with a maximum of 24
otoliths recovered from a single stomach. Silver hake,
Merluccius b-ilin.earis, remains were found only
slightly less frequently (34 otoliths from three
stomachs). Pollock, Pollach:ius 'virens, otoliths were
found in one stomach (five otoliths), and two red
hake, Urophyc-is chuss, otoliths of equal length were
recovered from one stomach, presumably from a
single fish.

Fifteen free otoliths and three intact specimens
of American sand lance. Ammodytes anwricanus,
were recovered from two stomachs. and three
stomachs contained otoliths from members of the
flatfish family Pleuronectidae.

'!\vo stomachs contained shells: the Atlantic
mussel, Mytilus ed1uis. and the common slipper shell,
Crepidula fornicata..

The estimated mean fork length for the four gadid
prey species ranged from 170 to 340 mm (Table 3).
Regressions were not available to estimate the
lengths of the sand lance found in the stomachs;
however, studies on sand lance in Cape Cod Bay
found a mean size of 93 mm SL (Richards 1982).

TABLE 2.-Analysis of stomach contents from stranded harbor
seals. P. If. conco/or. in Southern New England, 1977-83.

Stomach (N = 63)

frequency Min. no.
Species N % animals

Cephalopoda:
Illex illecebrossus 33 58.4 159
Loligo pea/ei 2 3.7 9

Mytilidae:
Mytilus edulis 2 3.7 12

Calyptraeidae:
Crepidula fornicata 2 3.7 10

Clupeidae:
Clupea harengus 1.8

Gadidae:
Me/anogrammus aeg/efinus 4 5.6 23
Pollachius virens 1 1.8 3
Urophycis chuss 1 1.8 1

Merlucciidae:
Merluccius bilinearis 3 5.6 17

Ammodytidae:
Ammodytes americanus 2 3.7 11

Pleuronectidae:
Pseudopleuronectes americanus 3 5.6 10

Unidentified pisces 11 20.8



Range Mean
Regression

Species equation r2 n

TABLE 3.-Estimated sizes of four fish prey species of harbor seals in Southern New

England, based on regression equations relating otolith length (OL) to fish fork length (FL).

Estimated prey size
(FL, mm)

Me/snogrammus seg/efinus FL = 3.4(OL) - 9.32 0.97 45
Merluccius bilinearis FL = 22.4(OL) - 1.44 0.98 34
Pollschius virans FL = 4.9(OL) - 22.58 0.95 5
Urophycis chuss FL = 25.O(OL) + 0.63 0.96 2

110-310 230
30-460 170

160-310 280
340

Discussion

Analyzing stomach contents from stranded ani­
mals to determine prey preference or selection does
yield a partial list of prey species exploited; however,
several apparent biases prohibit the realization of ac­
curate quantitative results. Therefore, the utility of
this method is questionable.

The limited number of stomachs containing food
was likely due to the weakened condition of seals
prior to stranding and their inability to obtain food.
The stomachs that did contain food all came from
stranded animals, and therefore may not reflect on
what a healthy seal was feeding. The stranded seals
were generally animals with debilitating conditions
like lungworm and heartworm. and may not have
been able to feed in usual feeding areas, or secure
usual prey, and thus were probably less selective
about prey items.

For example, the shells found in the two stomachs
may represent prey items desirable only to a disease­
weakened seal. The size and number of these shells
suggest that they were not ingested incidentally.
Comparing the stomach contents to a "condition
index", such as length vs. girth or blubber thick­
ness, might indicate whether the stranded animals
are less selective about prey species than healthy
ones.

The abundance of squid beaks found in the
stomachs suggests that squid are an important part
of the diet of harbor seals along coastal New
England; however. our own finding of squid beaks
in 56% of 63 stomachs may be inflated. Boulva and
McLaren (1979) found squid remains in 20.6% of 279
stomachs examined from eastern Canada, and Pit­
cher (1980b) similarly found cephalopod beaks in
21.1% of 351 harbar seals collected in the Gulf of
Alaska. Seals have been shown to retain, then re­
gurgitate, cephalopod beaks rather than pass them
through their digestive tract (Miller 19783; Pitcher

1980b). Retention of squid beaks will tend to over­
represent the utilization of squid as a prey species
(Pitcher 1980a). The retention of beaks during a
period of fasting prior to death may also account for
the large percentage (41%) of stomachs containing
squid beaks and no other type of prey remains.

Large fish may be underrepresented if the heads
(i.e., otoliths) are not eaten (Boulva and McLaren
1979; Brown and Mate 1983). Pitcher (1980b) sug­
gested that seals often fragment large fish while
eating them, usually discarding the head.

Finally, the relationship between the time when
prey was eaten and when the stomach was collected
may determine what types of prey remains will be
recovered (Frost and Lowry 1980; Pitcher 1980a;
Brown and Mate 1983). For example, the low num­
ber of sand lance otoliths found in the stomachs may
not accurately represent the importance of sand
lance as a prey species of harbor seals in southern
New England because otoliths of the size of the ones
recovered are very small and delicate and may not
remain for long in the seal stomachs once freed from
the skull (Smith and Gaskin 1974).

Thus, using only frequency of occurrence as a
measure of prey preference or selection may be mis­
leading by overemphasizing the importance of some
species. For example, based on number, cephalopods
were the major prey item; however fe'wer otoliths
representing fish of greater weight may show that
fish indeed are more improtant. The full importance
of fish or squid in the diet of seals can be accurately
described only if quantitative assessments such as
weight or volume of food items in the stomachs can
be determined (Rae 1973; Frost and Lowry 1980).

In summary, given a large sample of animals the
analysis of stomach contents from stranded seals
does provide information on the types of prey
selected. Ho-vvever, the analysis of stomach contents
from stranded seals greatly overemphasizes cephal­
opod remains while likely underrepresenting most

3Miller, L. K. 1978. Energetics of the northern fur seal in rela­
tion to climate and food resources of the Bering Sea. Marine Mam­
mal Commission, Final Report, Contract MM5AC025. (Available

National Technical Information Service, Springfield. VA 22151 as
PB-275 296, 32 p.)
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species of fish prey due to an extended period of
fasting prior to stranding. We consider comparative
frequencies of selected prey to be too biased to be
useful in any ranking of prey items. Therefore, this
technique of analyzing prey utilization should be con­
sidered only if the examination of feces or the
stomach contents from seals that were healthy when
collected are not possible options.
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SCAVENGER FEEDING BY SUBADULT
STRIPED BASS, MaRONE SAXATIUS,

BELOW A LOW·HEAD HYDROELECfRIC DAMI

A spawning run of striped bass, Morone saxatilis,
has not been found in the Connecticut River, but
subadults from other rivers were reported in the
lower 100 km of the river in the 1930's (Merriman
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